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Abstract 

Objective: To evaluate the expression of ALDH1A1 in lung adenoma stem cells (LASCs) and maintenance of their sternness 
through the Notch pathway. 

Methods: LASCs (A549s) were isolated from lung adenoma cells (A549) and identified by their coexpression of CD133 and 
CD326 and their capacity formulti-directional differentiation. Expression of ALDH1A1 in A549 and A549s cells were 
evaluated by Real-time PCR. Effects of ALDH1A1 upregulation in A549 cells and its downregulation in A549s cells on the 
clonogenicity and cell cycle were assessed by colony-forming unit assay. Moreover, the effects of ALDH1A1 on the Notch 
pathway, and thus on the cell cycle, were studied. 

Results: A549s cells were successfully isolated and identified.ALDHlAl expression was significantly higher in A549s than in 
A549 cells. Clonogenicity was significantly decreased in A549s cells treated with ALDH1 A1 siRNA. Duration of the G1 stage 
of the cell cycle increased after ALDH1A1 was overexpressed, or decreased with ALDH1A1 siRNA. ALDH1A1, Notchl, -2, 
and —3, CDK2, and CCNE1 expression levels were higher in A549s cells than in A549 cells. Expression of Notchl, —2, and —3, 
CDK2, and CCNE1 was significantly decreased by upregulation of ALDH1A1 in A549 cells, but increased by its interruption in 
A549s cells. When Notch3 or CDK2 expression was downregulated, the expression levels of ALDH1A1, Notchl, -2, and —3, 
CDK2, and CCNE1 were reduced in all cell types. 

Conclusion: ALDH1 A1 expression improved clonogenicity and inhibited the cell cycle, maintaining the sternness of the 
A549s cells; this may involve suppression of the Notch/CDK2/Cyclin pathway. 
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Introduction 

Cancer stem cells (CSCs) are special subpopulations that contain 
stemcell-specific characteristics, such as self-renewal, unlimited 
proliferation, maintenance at low differentiation states, and resistance 
to radiotherapy and chemotherapy, which maybe partially respon- 
sible for the proliferation, metastasis and therapy resistance of cancer 
cells [1]. Because of the capacity of self-renewal, CSCs has infinite 
proliferation ability and high tumorigenicity. This characteristic may 
be considered as representing the sternness of CSCs [2]. The 
mechanism by which the sternness of CSCs promotes their resistance 
to chemotherapeutic agents and radiotherapy remains unclear. 
Studies on the maintenance and regulation of sternness are critical for 
the understanding and control of cancer cells. 

Lung adenoma has a relatively high malignancy rate, with rapid 
progression, high recurrence rate, and resistance to radiotherapy 
and chemotherapy. Lung adenoma stem cells (LASCs) were 
confirmed to have significant involvement in the clinical features 
of lung adenoma [3]. Aldehyde dehydrogenase (ALDH) is 
considered a biomarker for stem cells [4] and its expression is 



also thought to closely correlate with the sternness of CSCs [5]. 
Recendy, ALDH1A1 has been considered to have prognostic 
significance in early stage non-small cell lung cancer, and its effects 
on lung CSCs have been noticed [6]. However, the pathways by 
which ALDH affects CSC sternness remain to be identified. 

ALDH1A1 has also been reported to play a role in notch 
signaling in LASCs [7]. Notch can regulate the Akt signaling 
pathway and eventually affect cell cycle regulatory proteins 
including cyclin (CCN) and cyclin-dependent kinase 2 (CDK2) 
[8]. In this study, we evaluated the effects of ALDH1A1 on the 
sternness of LASC, as well as its potential mechanism, by 
suppressing the notch pathway. 

Materials and Methods 

Isolation and identification of A549s with induced 
differentiation 

LASCs were isolated from the human LASC line A549 
(purchased from American Type Culture Collection), as previously 
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described [9]. Cells positive for both CD 133 and CD326 in excess 
of 80%, as determined by flow cytometry, were preliminarily 
confirmed as LASCs (A549s) [10]. The isolated A549s cells were 
cultured in complete culture medium: DMEM/F12 culture 
medium containing insulin (5000 ng/ ml), epidermal growth factor 
(20 ng/ml), and basic fibroblast growth factor (bFGF; 10 ng/mL), 
with 5% C0 2 saturated humidity at 37°C.Further confirmation 
was obtained from two induced differentiation procedures. Firstly, 
in order to induce differentiation into cancer cells, cells were 
cultured in 90% RPMI1640 culture medium containing 10% fetal 
bovine serum. Secondly, in order to differentiate cells into 
endothelial cells, cells were cultured in Ml 99 medium containing 
2% fetal bovine serum, 50 Hg/L vascular endothelial growth 
factor (VEGF) 165 and 10 ug/L bFGF. Both differentiation 
procedures were performed in the presence of 1 00 mg/L penicillin 
and 100 U/mL streptomycin sulfate, with 5% C0 2 saturated 
humidity at 37°C for two weeks. 

Upregulating ALDH1A1 in A549 by slow virus 
transfection 

The LV-TOPO vector was double enzyme digested with EcoKV 
and Xhol and the CDS region of human ALDH1A1 was inserted. 
The target vector was confirmed using enzyme analysis and DNA 
sequencing, and was then transfected into A549 cells. Successful 
transfection of the target cells was confirmed using RT-PCR. The 
sequences of the primers used were as followsALDHlAl-R, 5'- 
CCCGCTCAACACTCCTTCGA-3'; ALDH1A1-F, 5'-CGGG- 
AAAAGCAATCTGAAGAGG-3 ' . 

SiRNA-mediated downregulation of ALDH1A1, 
Notch3,and CKD2\n A549 cells 

A549s cells (1.5 xlO 5 cells/well) were cultured with serum-free 
culture medium containing 0.1 uM double-stranded siRNA and 

0. 2% Lipofectamine 2000 for 6 h. Subsequendy, cells were 
cultured in complete culture medium for 48 h, before total 
mRNA was extracted for further studies. The sequences for 
downregulating ALDH1A1, Notch3, and CKD2 in A549s cells 
were as follows: ALDH1A1 siRNA-1, 5 ' -GGCTAAGAAGTA- 
TATCCTT-3'^ZDi/i^i siRNA-2, 5'-CAAATCATTCCTTG- 
GAATT-3' ;ALDH1A1 siRNA-3, 5'-TGATTTAATCGAAAGA- 
GAT-3'; Nokh3 siRNA-1, 5 ' -C AATAAGGAC ATGC AGGAT-3 ' ; 
Notch3 siRNA-2, 5 '-AATGCCAACTGAAGAGGAT-3 ' ; Notch3 
siRNA-3, 5 '-CGGTAGTAATGCTGGAGAT-3 ' ; CDK2 siRNA- 

1, 5 '-CTGATTACAAGCCAAGTTT-3 ' ; CDK2 siRNA-2, 5'- 
GACCCTAACAAGCGGATTT-3'; CDK2 siRNA-3, 5'-ATGC- 
CTGATTACAAGCCAA-3 ' . The most effective of each of the 
three siRNA sequences was selected for further studies. 

Expression of ALDH1A1, Notchl, Notch2, Notch3, 
Notch4, CKD2, and CCNE1 with fluorescent quantitation 
PCR 

The real-time PCR primer sequences were as follows: ALDH1A1- 
R, 5'-CCCGCTCAACACTCCTTCGA-3';ALDHlAl-F, 5'-CG- 
GGAAAAGC AATCTGAAGAGG-3 ' ; NOTCH1-R, 5'-GCGGC- 
TCACGGTCTCACTC-3'; NOTCH1-F, 5'-TCCGCGGCTCC- 
ATCGTCTACC-3'; NOTCH2-R, 5'-GGATCGGGGTCACAG- 
TTGTCA-3'; NOTCH2-F, 5 ' -ATGGGC AGTGTGTGGATAA- 
AGTC-3'; NOTCH3-R, 5 ' -GCCGC AGTCATCCTC ATTAAT- 
CT-3'; NOTCH3-F, 5 ' -GGGACCTGCCGTGGCTATATG-3 ' ; 
NOTCH4-R, 5'-GCCCCACAGCCACCACTCAG-3'; NOTCH4- 
F, 5'-CCCCACTAGGCGAGGACAGC-3'; CDK2-R, 5'-GCCGA- 
AATCCGCTTGTTAGGG-3'; CDK2-F, 5'-GTGGGCCCGGC- 
AAGATTTTAG-3 ' ; CCNE1-R, 5'-GCTCCCCGTCTCCCTTA- 



TAACC-3'; CCNE1-F, 5'-TCGGCCTTGTATCATTTCTCGTC- 
3'; fi-actin-R, 5'-ACCCCGTGCTGCTGACCGAG-3'; P-actin-F, 
5'-TCCCGGCCAGCCAGGTCCA-3'.Real-time PCR was then 
performed with 2 uL of the cDNA product plus 10 m,L of 2 xSYBY 
Green PCR, 0.3 uL of 10 umol/L of specific primers, and water to 
obtain a final volume of 20 uL. The PCR conditions were as follows: 
94°C for 5 min and 40 cycles of a three-step PCR (94°C for 30 s, 60°C 
for 30 s, 72°C for 40 s). 

Clonogenicity evaluation of A549s cells and A549s+ 
ALDH1A1 siRNA 

A549s cells (500 cells/ well) treated with (A549s+ALDH1A1- 
siRNA) or without ALDHlAlsiRNA were cultured in 2 mL 
complete culture medium with 5% CO z saturated humidity at 
37°C. The clonogenicity of the cells was evaluated two weeks later. 

Flow cytometric cell cycle analysis of A549, A549+ 
ALDH1A1, A549s, and A549s+ALDH1A1 siRNA 

A549 and A549s cells, treated with (A549+ALDH1A1 and 
A549s+ALDH1A1 siRNA, respectively) or without ALDHlAl- 
siRNA, were washed with 1 xPBS and then fixed with ice-cold 
70% ethanol. Samples were again washed with 1 xPBS and then 
stained with propidium iodide (60 u,g/mL, Sigma) containing 
RNase (100 u,g/mL; Sigma) for 30 min at 37°C, after which flow 
cytometry analysis (Beckman Coulter, MoFlo XDP) was per- 
formed. The data were from three replicates and presented as 
mean ± S.D. A P<0.05 was considered statistical significance. 

Results 

Isolation and identification of A549s after induction of 
differentiation 

A representative image of A549 cells is present in Fig. 1 A. A549s 
cells (Fig. IB) were successfully isolated from A549 cells. The 
expression levels of CD133 and CD326 in A549 cells are shown in 
Fig. 1C. Flow cytometry was used to isolate and identify A549s 
cells with expression of these markers at levels exceeding 80% 
(Fig. ID). 

A549s cells were successfully differentiated into cancer cells at 1 
week (Fig. 2A), whereupon these cells stopped expressing CD 133 
and CD326 (Fig. 2D). Moreover, A549s cells were successfully 
differentiated into endothelium (Fig. 2B), marked by expression of 
CD31, vWF, and CD34 (Fig. 2F). and loss of CD 133 and CD326 
(Fig. 2E). 

Expression of ALDH1A1 in A549s and its effects on 
sternness 

Images of clonogenicity of A549s cells (Fig. 3A) and A549s cells 
treated with ALDH1A1 siRNA (Fig. 3B) are present. The 
expression of ALDH1A1 in A549s cells(set at a relative expression 
of 1) was significantly higher than that of A549 cells (relative 
expression of 0.0016). The clonogenicity of the cells decreased 
significantly when ALDHlAlsiRNA was applied to A549scells 
(32.0±3.7 v.s 18.0±3.0, Fig. 3C). Regarding the cell cycle, 
56.29±2.66% of A549 cells remained in Gl phase (Fig. 3D), and 
over expression of ALDH1A1 significantly increased A549 cells 
remained in Gl phase (75.61 ±0.94%, Fig. 3E). For A549s cells, 
64.06±2.30% cells remained in the Gl stage (Fig. 3F), and 
ALDH1A1 siRNA application significantly decreased Gl polula- 
tion to 57.61 ± 1.29% (P<0.05) (Fig. 3G.H). 
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Figure 1 . The isolation and identification of A549s. A A549 cells seen under light microscopy. B A549s cells seen under light microscopy (Scale 
bar = 50 urn). C Expressions of CD133 and CD326 in A549 cells. D Expressions of CD133 and CD326 in A549s cells (>80%). 
doi:1 0.1 371 /journal.pone.0092669.g001 



Effects of modulation of expression ofALDHI A1, Notchl, 
-2, and -3, CDK2, and CCNE1 

Expression levels of ALDH1A1, Notchl, -2, and -3, CDK2, 
and CCNE1 in each group were quantitative analyzed and data 
are present in Fig. 4. Expression levels of ALDH1A1, Notchl, —2, 
and -3, CDK2, and CCNE1 in A549s cells were all significantly 
higher than those in A549 cells. Upregulation of ALDH1A1 in 
A549 cells significandy decreased expressions of Notchl, —2, and 
-3, CDK2, and CCNE1. Depletion of ALDH1A1 expression in 
A549s cells significantly increased expressions of Notchl, —2, and 
-3, CDK2, and CCNE1. When Notch3 or CDK2 was 
downregulated, the levels of ALDH1A1, Notchl, —2, and —3, 
CDK2, and CCNE1 were inhibited in all cell types (Fig. 4). 

Discussion 

Lung adenocarcinoma is one of the most severe malignant 
tumors, causing a linear multistep progressive disease that may 
arise from any of several different molecular pathways [1 1]. Even 
after surgery, chemotherapy, and/or radiotherapy, the 5-year 
survival rate of lung adenocarcinoma is still less than 15% [12]. 
Many reports have demonstrated that tumors relapse from 
residual cancer cells after therapy, mainly from CSCs. Based on 
their self-renewal, unlimited proliferation, and multi-directional 
differentiation, CSCs are considered to be responsible for many 
special characteristics of cancers, including lung cancers. CSCs 
were first found in leukemia, and have since been confirmed 
present in many malignant tumor types [13]. Leukemia stem cells 



were shown to be resistant to apoptosis after exposure to 
irradiation or chemotherapeutic drugs due to their arrest in GO/ 
Gl, and these quiescent stem cells in cases of minimal residual 
cancer were responsible for the cancer relapse [14]. CSCs in lung 
cancers have also been observed [15]. Their unlimited self- 
renewal, chemoresistance, and ability to switch to cancer cells 
make clinical treatment difficult. It is therefore important to clarify 
the mechanism of action of CSCs, their function, and effects on 
cancer proliferation, invasion, and chemoresistance. In this study, 
we first successfully isolated A549s cells from A549 cells. In 
addition to the expression of the marker proteins CD 133 and 
CD326, A549s cells were further confirmed via their capacity for 
multi-directional differentiation into lung cancer cells and 
endothelial cells. Moreover, our results showed that A549s cells 
express a high level of ALDH1A1 and that A549 does not express 
detectable ALDH1A1. 

ALDH is well known as the enzyme downstream from alcohol 
dehydrogenase in the major pathways of alcohol metabolism, and 
it comprises ALDH1A1, ALDH2, and ALDH1B1. Of these, 
ALDH1A1 is known to catalyze the oxidation of retinaldehyde to 
retinoic acid. Recent studies have proven that ALDH1A1 plays a 
key role in various biological behaviors in malignant tumors, such 
as cell proliferation, invasion, and chemoresistance, and it is 
considered as one of the progenitor markers for stem cells in many 
different types of tumors [16,17]. Recently, ALDH1A1 was 
confirmed to be involved in many pathways regulating biological 
processes associated with tumor cells [18-20]. ALDH1A1 was also 
found to be important in lung cancers, suggesting an important 
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A549s after differentiation 



Figure 2. Induced-differentiation of A549s cells. A Differentiation of A549s cells into cancer cells at 1 week, seen under light microscopy. B 
Differentiation of A549s cells into endothelium at 1 week, as seen under light microscopy. C Expressions of CD133 and CD326 in A549 cells. D 
Expressions of CD133 and CD326 in A549s cells after differentiation. E Expressions of CD133 and CD326 in A549s cells after differentiation into 
endothelium. F Expressions of markers CD31, vWF, and CD34 in A549s and differentiated A549s cells. 1. A549s cells 2. Post-differentiated A549s cells. 
Scale bar=100 |im in A and B. 
doi:1 0.1 371 /journal.pone.0092669.g002 



role in lung tumors [8,21]. In this study, we verified the expression 
of ALDH1A1 in A549s cells and showed its markedly lower 
relative expression in A549 cells, where its expression is negligible. 
Moreover, when A549s cells were treated with ALDHlAlsiRNA, 
their clonogenicity was significantly suppressed, and the propor- 
tion of cells in Gl significandy decreased. These results suggested 
that ALDH1A1 inhibits cell proliferation and improves the 
clonogenicity of A549s cells. 

The Notch pathway is widely used in vertebrate and inverte- 
brate animals. The four subtypes of Notch genes encode four 
subtypes, comprising a family of transmembrane proteins involved 
in many cellular processes, including differentiation, proliferation, 
and apoptosis. Notch can regulate the differentiation and 
development of cells, tissues, and organs via cell-cell communica- 
tion. Notch signaling plays a critical role in maintaining the 
balance between differentiation and proliferation. Notch genes 
have been shown to direcdy activate cyclin and CDK2, which can 
regulate the cell cycle control and affect cellular proliferation [22] . 
In T-cell lymphoblastic leukemia, the anti-proliferation and 



apoptotic effects of Notch- 1 downregulation may be mediated 
through regulation of Akt activity and of the expression of the cell 
cycle regulatory proteins cyclin Dl, CDK2, and p21 [23]. The 
Gl— S phase transition is a major checkpoint for cell cycle 
progression, and CDK2 serves as a critical mediator during this 
transition [24]. Many drugs can induce apoptosis of cancer cells, 
but Gl arrest in cancer cells results in their chemoresistance. Li et 
al. reported that CMTM7, a tumor-suppressor gene, encodes a 
protein that suppresses tumor growth and which is associated with 
Gl/S cell-cycle arrest through upregulation of p27 and downreg- 
ulation of CDK2 and CDK6 [25]. Similar results were found for 
miRNA-342, which inhibits colorectal cancer cell proliferation in 
vitro [26]. 

Conversely, Notch inhibits cell development by the induction of 
cell cycle arrest and apoptosis [27]. To date, Notch activity and its 
associated downstream signaling are only partially understood. In 
this study, when we removed Notch expression using siRNA, the 
expression levels of ALDH1A1, CDK2, and CCNE1 were 
significandy suppressed, suggesting that the Notch pathway may 
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Figure 3. Clonogenicity and cell cycle evaluation. A Clonogenicity of A549s cells. B Clonogenicity of A549s cells treated with ALDH1A 1 siRNA 
(A549s+ALDH1 AlsiRNA). C Clonogenicity contrast study. D Cell cycle in A549 cells. E Cell cycle in A549+ALDH1A1 cells. F Cell cycle in A549s cells. G 
Cell cycle in A549s treated with ALDH1A1 siRNA (A549s+ALDH1 AlsiRNA) H Cells in G1 phase Scale bar=100 urn in A and B. 
doi:1 0.1 371 /journal.pone.0092669.g003 



upregulate the CDK2/cyclin pathway and may potentially 
promote cell cycle progression in LASCs. In the study, we also 
found that the expression level of CRIF1 increased when Notch3 
was downregulated, and previous study in our lab found that 
CRIF1 might be associated with the cell cycle arrest of leukemia 
cells [28], and it might interact with CDK2 to regulate bone 
marrow microenvironment-induced G0/G1 arrest of leukemia 
cells(data not shown). Moreover, the results from administration of 
CDK2 confirmed our hypothesis that the Notch/CDK2/CCNEl 
pathway regulates the cell cycle and cell proliferation in LASCs. 

In addition to being considered a stem-cell marker, ALDH1A1 
has been closely linked with Notch3 [7]. The property may be 
associated with the cell cycle or with chemoresistance of stem cells 
[29] . In this study, we chose to evaluate the Notch3 pathway, and 
we assessed the effects of Notch3 suppression on ALDH 1A1 ex- 
pression, clonogenicity, and the cell cycle in A549s cells. 
Expression of ALDH1A1 and the Match genes were confirmed to 
be higher in A549s than in A549 cells, as reported previously [30]. 
When ALDH1A1 was downregulated in A549s cells, the 
expression levels of all Notch genes increased significantly, 
especially those of Notch 1 (by over 15-fold). When ALDH1A1 
was overexpressed in A549 cells, the expression levels of all Notch 
genes decreased significantly. Similarly, the expression levels of 



CDK2 and CCNE1 were changed in parallel with those of Notch 
genes upon modulation of ALDH1A1 expression. This may 
suggest that ALDH1A1 can inhibit the cell cycle by suppressing 
the Notch/CDK2/cyclin pathway. Because ALDH1A1 was 
expressed at high levels in A549s cells, but at low levels in A549 
cells, and because ALDH1A1 was able to suppress the Notch/ 
CDK2/CCNE1 pathway, we concluded that ALDH1A1 can 
inhibit the proliferation of stem cells and maintain their immature 
state. 

Self-renewal, low differentiation, Gl arrest, high chemoresis- 
tance, and the ability to differentiate into cancer cells are the basic 
characteristics of CSCs, which make these cancer cells quite 
difficult to destroy. ALDH1A1 appears to be one of the main 
mechanisms for maintaining these characteristics in CSCs. In this 
study, we isolated A549s cells from A549 cells and confirmed their 
sternness by multi-directional differentiation. Next, we found that 
ALDH 1 AlsiRNA inhibited clonogenicity and cell-cycle progres- 
sion in A549s cells. We further verified that ALDH1A1 can 
suppress the Notch/ CDK2/ Cyclin pathway and eventually inhibit 
the proliferation of these cells. 
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Figure 4. Effect of ALDH1A 1 on the Notch/CDK2/CCNE pathway. The expression levels of these genes in A549s were set at 1, and the relative 
expression levels in the other cells are expressed by their ratio to that in A549s cells. 
doi:1 0.1 371 /journal.pone.0092669.g004 



Conclusions 

ALDH1A1 overexpression improved the clonogenicity of A549s 
and inhibited the cell cycle, thereby maintaining the sternness of 
these cells. Furthermore, we showed that this may be mediated via 
suppression of the Notch/CDK2/Cyclin pathway. 

References 

1 . Alison MR, Lin WR, Lim SM, Nicholson LJ (20 1 2) Cancer stem cells: in the line 
of lire. Cancer Treat Rev 38: 589-598. 

2. Alamgccr M, Peacock CD, Matsui W, Ganju V, Watkins DN (2013) Cancer 
stem cells in lung cancer: Evidence and controversies. Respirology 18: 757—764. 

3. Chen Y, Orlicky DJ, Matsumoto A, Singh S, Thompson DC, et al. (2011) 
Aldehyde dehydrogenase 1B1 (ALDH IB 1) is a potential biomarkcr for human 
colon cancer. Biochem Biophys Res Commun 405: 173—179. 

4. Zhang Z, Filho MS, Nor JE (2012) The biology of head and neck cancer stem 
cells. Oral Oncol 48: 1-9. 

5. Alamgccr M, Ganju V, Szczcpny A, Russell PA, Prodanovic Z, et al. (2013) The 
prognostic significance of aldehyde dehydrogenase 1A1 (ALDH1A1) and CD133 
expression in early stage non-small cell lung cancer. Thorax 68: 1095-1104. 

6. Arafat K, Iratni R, Takahashi T, Parckh K, Al Dhaheri Y, et al. (2013) 
Inhibitory Effects of Salinomycin on Cell Survival, Colony Growth, Migration, 
and Invasion of Human Non-Small Cell Lung Cancer A549 and LNM35: 
Involvement of NAG- 1. PLoS One 8: e66931. 

7. Sullivan JP, Spinola M, Dodge M, Raso MG, Behrcns C, et al. (2010) Aldehyde 
dehydrogenase activity selects for lung adenocarcinoma stem cells dependent on 
notch signaling. Cancer Res 70: 9937-9948. 

8. Guo D, Ye J, Dai J, Li L, Chen F, et al. (2009) Notch- 1 regulates Akt signaling 
pathway and the expression of cell cycle regulatory proteins eyclin D 1 , CDK2 
and p21 in T-ALL cell lines. Lcuk Res 33: 678-685. 

9. Xia H, Yu C, Zhang W, Zhang B, Zhao Y, et al. (2013) [Identification and 
isolation of cancer stem cells from A549 ccllsj. Zhongguo Tci Ai Za Zhi 16: 400- 
404. 

10. Eramo A, Lotti F, Scttc G, Pilozzi E, Biffoni M, et al. (2008) Identification and 
expansion of the tumorigenic lung cancer stem cell population. Cell Death Differ 
15: 504-514. 

11. Yatabc Y, Borczuk AC, Powell CA (201 1) Do all lung adenocarcinomas follow a 
stepwise progression? Lung Cancer 74: 7—11. 

12. Jcmal A, Sicgcl R, Ward E, Murray T, XuJ, ct al. (2006) Cancer statistics, 2006. 
CA Cancer J Clin 56: 106-130. 



Author Contributions 

Conceived and designed the experiments: PH. Performed the experiments: 
ZL Y. Xiang LX. Analyzed the data: Y. Xiao. Contributed reagents/ 
materials/analysis tools: FL. Wrote the paper: ZL Y. Xiang LX. 



13. Bonnet D, Dick JE (1997) Human acute myeloid leukemia is organized as a 
hierarchy that originates from a primitive hematopoietic cell. Nat Med 3: 730— 

737. 

14. Furuichi Y, Goi K, Inukai T, Sato H, Ncmoto A, et al. (2007) Fms-likc tyrosine 
kinase 3 ligand stimulation induces MLL-rcarranged leukemia cells into 
quiescence resistant to antileukemic agents. Cancer Res 67: 9852—9861. 

15. Gomez-Casal R, Bhattacharya C, Gancsh N, Bailey L, Basse P, ct al. (2013) 
Non-small cell lung cancer cells survived ionizing radiation treatment display 
cancer stem cell and cpithclial-mcsenchymal transition phenotypes. Mol Cancer 
12: 94. 

16. Wang K, Chen X, Zhan Y, Jiang W, Liu X, et al. (2013) Increased expression of 
ALDH1A1 protein is associated with poor prognosis in clear cell renal cell 
carcinoma. Med Oncol 30: 574. 

17. Luo Y, Dallaglio K, Chen Y, Robinson WA, Robinson SE, ct al. (2012) 
ALDH 1 A isozymes arc markers of human melanoma stem cells and potential 
therapeutic targets. Stem Cells 30: 2100-2113. 

18. Gcifjlcr C, Hambek M, Leinung M, Diensthubcr M, Gassner D, et al. (2012) 
The challenge of tumor heterogeneity-different phenotypes of cancer stem cells 
in a head and neck squamous cell carcinoma xenograft mouse model. In Vivo 
26: 593-598. 

19. Park SH, Kim KW, Chun YS, Kim JC (2012) Human mesenchymal stem cells 
differentiate into keratocyte-likc cells in kcratocyte-conditioncd medium. Exp 
Eye Res 101: 16-26. 

20. Marci HE, Ahmed AE, MichetU F, Pescatori M, Pallini R, ct al. (2012) Gene 
expression profile of adult human olfactory bulb and embryonic neural stem cell 
suggests distinct signaling pathways and epigenctic control. PLoS One 7: 
c33542. 

21. Kuang BH, Zhang MQ, Xu LH, Hu LJ, Wang HB, ct al. (2013) Prolinc-rich 
tyrosine kinase 2 and its phosphorylated form pY881 are novel prognostic 
markers for non-small-cell lung cancer progression and patients' overall survival. 
Br J Cancer 109: 1252-1263. 



PLOS ONE | www.plosone.org 



6 



March 2014 | Volume 9 | Issue 3 | e92669 



ALDH Maintains Sternness in Lung Adenoma Stem Cells 



22. Shicn K, Toyooka S, Yamamoto H, Soh J, Jida M, et al. (2013) Acquired 
resistance to EGFR inhibitors is associated with a manifestation of stem cell-like 
properties in cancer cells. Cancer Res 73: 3051-3061. 

23. Ronchini G, Gapobianco AJ (2001) Induction of cyclin Dl transcription and 
CDK2 activity by Notch(ic): implication for cell cycle disruption in transforma- 
tion by Notch(ic). Mol Cell Biol 21: 5925-5934. 

24. Massaguc J (2004) Gl cell-cycle control and cancer. Nature 432: 298-306. 

25. Li H, Li J, Su Y, Fan Y, Guo X, ct al. (2013) A novel 3p22.3 gene CMTM7 
represses oncogenic EGFR signaling and inhibits cancer cell growth. Oncogene. 

26. Wang H, Wu J, Meng X, Ying X, Zuo Y, et al. (201 1) MicroRNA-342 inhibits 
colorectal cancer cell proliferation and invasion by directly targeting DNA 
methyltransfcrase 1. Carcinogenesis 32: 1033-1042. 



27. Qi R, An H, Yu Y, Zhang M, Liu S, ct al. (2003) Notchl signaling inhibits 
growth of human hepatocellular carcinoma through induction of cell cycle arrest 
and apoptosis. Cancer Res 63: 8323-8329. 

28. Zhang X, Ran Q, Li Z, Liu Y, Liang X, ct al. (201 1) Cell cycle arrest ofjurkat 
cells by leukemic bone marrow stromal cells: possible mechanisms and 
involvement of CRIF1. Transplant Proc 43: 2770-2773. 

29. Steg AD, Bevis KS, Katre AA, Ziebarth A, Dobbin ZC, ct al. (2012) Stem cell 
pathways contribute to clinical chcmorcsistance in ovarian cancer. Clin Cancer 
Res 18: 869-881. 

30. Dcbcb BG, Cohen EN, Boley K, Frcitcr EM, Li L, et al. (2012) Pre-clfnical 
studies of Notch signaling inhibitor RO4929097 in inflammatory breast cancer 
cells. Breast Cancer Res Treat 134: 495-510. 



PLOS ONE | www.plosone.org 



7 



March 2014 | Volume 9 | Issue 3 | e92669 



